Nonequilibrium crystallization of alloys of the Al-Mg-Si system, and also their structure and phase composition in a cast condition are studied. Thermal analysis is used to establish phase transformation temperature ranges, occurring during nonequilibrium crystallization of industrial aluminum alloys AD31 and AD33. x-Ray microanalysis is used to determine metastable phase composition in the alloys in a cast condition. Keywords: aluminum alloys, nonequilibrium crystallization, thermogram, x-ray microanalysis, phase composition.
there are two exothermic peaks, caused by separation of a solid phase from liquid. In the range 575-571°C, there is eutectic crystallization.
The original specimens were subjected to electron and x-ray microanalysis. The microstructure of a cast specimen of alloy AD31 is shown in Fig. 2 , and results of analyzing the chemical composition of phases are given in Table 2 .
The microstructure of a specimen of cast alloy AD31 has two phases (see Table 2 ). One of these phases is a metastable intermetallic compound Al 17 Fe 2 Si 3 (points 1-5 in Table 2 ). A second phase is close in composition to the compound Mg 2 Si (points 7-8). The volume fraction of Al 17 Fe 2 Si 3 phase appears to be predominant (see Fig. 2 ). In grains of aluminum matrix there are only magnesium and silicon in a ratio corresponding to the Mg 2 Si phase (points 10-15 in Table 2 By comparing data of thermal and x-ray microanalyses it may be concluded that the exothermic peak on a cooling thermogram for alloy AD31 in the range 597-594°C is caused by precipitation from interdendritic melt of metastable intermetallic compound Al 17 Fe 2 Si 3 with nonequilibrium crystallization. The exothermic peak in the range 571-564°C is caused by crystallization of nonequilibrium eutectic α Al + Mg 2 Si + Si.
Microstructure is provided in Fig. 3 , and in Table 3 there are results of local chemical composition of specimens of phases for an alloy AD33 specimen. There are two phases within the microstructure of this alloy. One of these phases is the compound Al 8 FeSi (points 1-6 in the shape of Chinese hieroglyphs (see Fig. 3 ). The second phase corresponds to the compound Mg 2 Si (points 7-9 in Table 3 ). In grains of aluminum matrix there is predominantly magnesium and silicon in a ratio close to the phase composition Mg 2 Si (points 10-15 in Table 3 ). Thus, it may be concluded that the isothermal peak in a cooling thermogram for alloy AD33 in the range 622-619°C is connected with precipitation from melt of metastable intermetallic compound Al 8 FeSi, and the exothermic peak in the range 575-571°C is caused by crystallization of eutectic α Al + Mg 2 Si. The reason for the difference in composition of iron-containing phases established in this work and previous studies [3] [4] [5] is a marked nonequilibrium nature of crystallization of ingots studied by the authors, produced by a semicontinuous method. As noted in [6, 7] , under actual crystallization conditions the amount of iron-containing phases may be greater than with crystallization of alloys under equilibrium conditions. Conclusions 1. Temperature ranges have been established by thermal analysis for phase transformations occurring during nonequilibrium crystallization of industrial aluminum alloys AD31 and AD33. It has been established that during crystallization of alloy AD33 precipitation from melt of metastable intermetallic phase, enriched with iron and silicon, proceeds at a higher temperature compared with alloy AD31.
2. The composition has been determined by x-ray microanalysis of metastable phases in alloys AD31 and AD33 in a cast condition. In the AD31 alloy matrix there are precipitates of two phases. The first is metastable and has the composition Al 17 Fe 2 Si 3 and acicular form, the second phase is a compound Mg 2 Si, which is within the composition of a complex nonequilibrium eutectic: α Al + Mg 2 Si + Si.Within the matrix of alloy AD33 there are also two phases. One is metastable and the shape of Chinese hieroglyphs, and the composition Al 8 FeSi, and the second phase is a compound Mg 2 Si, within the composition of nonequilibrium eutectic: α Al + Mg 2 Si.
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